Engaging in multiple tasks is a common and important issue in many achievement settings. This research examined task type (quantitative and qualitative) and resource allocation (time) trends in this context. Prior research has focused largely on quantitative tasks and general predictor-allocation relationships, neglecting qualitative tasks and the potential for multiple distinct allocation trends. These issues were examined in two studies (N 5 75 and N 5 118) involving quantitative and qualitative tasks. Results indicated that over time participants reduced resource allocation to the qualitative task but not to the quantitative task. Both studies also revealed multiple distinct allocation trends in addition to these general patterns. These findings highlight the importance of examining different task types and exploring for multiple distinct trends underlying broader patterns in multiple task research.
INTRODUCTION
Engaging in multiple tasks that compete for limited resources is a common and important issue across contexts. This is a particularly salient issue in achievement contexts including schools and organisations, where students and employees are required to juggle multiple responsibilities throughout the day (e.g., B€ uhner, K€ onig, Pick, & Krumm, 2006; Gonzalez & Mark, 2004; Wood, 2005) . Thus, understanding how individuals allocate resources across multiple tasks may have broad theoretical and practical implications. This issue has begun to receive more attention (e.g., Louro, Pieters, & Zeelenberg, 2007; Schmidt, Dolis, & Tolli, 2009; Vancouver, Weinhardt, & Schmidt, 2010) , but several significant gaps still remain in our understanding of multiple-task selfregulation.
The present research addresses two of these gaps. First, previous research has focused almost exclusively on "quantitative" tasks where performance involves some type of objective quantity (e.g., completing class schedules; Northcraft, Schmidt, & Ashford, 2011; Schmidt & DeShon, 2007) . Although this type of task may be common in certain contexts, many others involve "qualitative" tasks where performance involves subjective quality (e.g., developing a high quality presentation). Given the nature of these tasks, it seems likely that they produce different patterns of resource allocation but little is known about these allocation patterns. Examining this issue may deepen and broaden our understanding of multiple-task regulation, as it may lead to new insights regarding how allocation occurs that apply to previously neglected multiple-task situations involving qualitative tasks.
Second, previous research in this area has also tended to focus on how general mechanisms (e.g., discrepancies, expectancies; Schmidt & DeShon, 2007; ) and related factors (e.g., time, feedback; Schmidt & DeShon, 2007; Northcraft et al., 2011) are involved in multiple-task regulation. In contrast, very little work in this area has examined the extent to which patterns of resource allocation differ across individuals such that multiple distinct trends may be observed (e.g., within the same condition, some individuals may increase allocation to a given task over time whereas others may decrease allocation). Beginning to examine this issue may be useful both theoretically and practically, as this may lead to insights regarding variability in resource allocation tendencies with potential practical implications for situations involving multiple competing demands. Thus, the goal of this research was to address these two issues to further inform theoretical models and practical applications related to multiple task pursuit.
MULTIPLE-TASK SELF-REGULATION
In general, research on multiple-task self-regulation addresses behaviour in situations involving competing demands, often focusing on how individuals allocate their resources (time and effort) across multiple tasks. Recent work, for example, has examined a number of factors involved in multiple task pursuit including feedback (Northcraft et al., 2011) ; goal difficulty, progress, and expectancy ; and contextual dynamics and individual differences ). Unsworth, Yeo, and Beck (2014) recently reviewed this research area, producing seven general principles related to multiple-task processes. Within this framework, the current research focuses on task prioritisation in general and potential expectancy effects in particular, examining both quantitative and qualitative tasks. 
QUANTITATIVE VERSUS QUALITATIVE TASKS

Conceptualisation
The quantitative versus qualitative distinction has been made in other research areas for some time. Erez (1990) , for example, defined quality as the "degree of excellence of what is produced" and quantity as the "total amount of what is produced" (p. 53). In discussing their influential theory of performance, Campbell, McCloy, Oppler, and Sager (1993) also addressed the notion of quantity versus quality. Locke, Smith, Erez, Chah, and Schaffer (1994) discussed quantity and quality goals. Guion (1998) noted the distinction between hard criteria involving timing, counting, or weighing and soft criteria involving ratings or other subjective impressions. Research on creativity has also made this distinction (e.g., Benedek, Fink, & Neubauer, 2006; Vosburg, 1998) , where quantity relates to ideational fluency (number of ideas) and quality relates to originality or usefulness (ratings of novelty or functionality of ideas).
Drawing from this work, quantitative tasks are conceptualised as those focused on quantity as the outcome. This category includes tasks that involve completing a series of distinct items, where performance is objectively evaluated based on the quantity completed. For example, the scheduling task from previous multiple-task research where participants create class schedules (e.g., Schmidt & DeShon, 2007) fits this category, as the schedules are distinct items and performance involves the number of schedules completed. Qualitative tasks are those focused on quality as the outcome. This category includes tasks that involve developing or improving a product, where performance is subjectively evaluated based on the quality of the product. For instance, creativity tasks in which participant solutions are evaluated in terms of quality (e.g., Vosburg, 1998) fit this category, as the solutions are the product and performance involves the quality of those solutions.
Three issues regarding this conceptualisation should be noted. First, typically tasks are not purely quantitative or purely qualitative. For example, certain rules must be followed in the class scheduling task and often a sufficient amount of content must be provided in a presentation. Nonetheless, some tasks are primarily focused on quantity (where quality requirements are minimal), whereas other tasks are primarily focused on quality (where quantity has little to no relevance). Second, numbers can of course be applied to qualitative tasks (e.g., rating presentation quality from 0 to 100). However, some tasks are inherently quantitative and thus numbers are a fundamental part of them and the values applied are not arbitrary (e.g., counting completed items), whereas other tasks are not inherently quantitative and thus numbers are simply one method of expressing subjective evaluations of quality and the values applied are arbitrary (e.g., rating quality 1-5 or 0-100). Finally, another way of conceptualising quantity versus quality is in terms of goals. In this conceptualisation, it is not the tasks themselves that are quantitative or qualitative but rather the goals pursued during the task. Practically speaking, we think this distinction (conceptualising in terms of tasks vs goals) may not be particularly consequential and therefore both approaches may be reasonable. For instance, in achievement settings tasks inherently involve goals (i.e., engaging in a task involves goal pursuit). Furthermore, certain tasks almost invariably involve qualityrelated goals (e.g., developing presentations) and others clearly involve quantity-related goals (e.g., filling orders).
Implications
Given the current conceptualisation, there appear to be several notable differences between these task types. First, qualitative tasks typically involve more ambiguity with respect to the goal. For example, the goal of creating a high quality presentation is more ambiguous than the goal of completing 10 schedules. In another example, were able to manipulate the difficulty level of their competing quantitative task goals by increasing the amount of schedules to be completed within the given timeframe. This quantifiable increase is a clear and unambiguous change in goal difficulty. However, the nature of qualitative tasks does not afford similar capabilities, or at least not as clearly. For instance, the difference between the goals of creating a high quality presentation and a superior quality presentation is certainly more ambiguous than the difference between the goals of creating 10 schedules and creating 20 schedules. This issue of goal ambiguity has been addressed in previous work on goal setting. Locke and Latham (1990) summarised evidence indicating that specific and difficult goals lead to higher performance than vague goals, arguing that with an ambiguous goal a range of performance levels could be interpreted as acceptable. In addition, Wright and Kacmar (1994) found that specific goals were associated with higher goal commitment than less specific and non-specific goals. This suggests that more resources may often be allocated to tasks involving more specific goals.
Second, qualitative tasks typically involve more ambiguity with respect to current performance/progress. For instance, current presentation quality is more ambiguous than current number of schedules completed. This issue has also been addressed in previous work. For example, in accordance with theories of self-regulation (e.g., Carver & Scheier, 1998) , current progress is an essential component for detecting goal-performance discrepancies, which subsequently affect goal-pursuit actions. As Northcraft et al. (2011) discuss, feedback regarding ones current performance provides information that enables individuals to diagnose their current performance and adjust strategies, which should then increase task expectancies and subsequent resource allocation decisions. Indeed, Northcraft et al. (2011) found that more resources were allocated to tasks that had higher quality feedback (in terms of timeliness and 4 CONVERSE ET AL.
V C 2018 International Association of Applied Psychology. specificity). In addition, DeShon, Kozlowski, Schmidt, Milner, and Wiechmann (2004) examined the impact of feedback during the simultaneous pursuit of individual-level and team-level goals and found that individuals directed attention and effort to goals with corresponding performance feedback over goals without any performance feedback. This suggests that more resources may often be allocated to tasks with more specific feedback regarding current performance/progress. Finally, these two task types are likely to differ over time in terms of a specific form of expectancy referred to as "return on investment" (ROI). ROI is discussed in more depth because it has received very little attention in this context and this notion is the primary basis for the hypothesis developed in the current work. Expectancy generally refers to the strength of an individuals belief that his/her actions will result in a particular performance outcome (Pinder, 2008) . ROI is specifically viewed as the link between time/effort (investment) and a given amount of performance improvement (return). Thus, this conceptualisation is consistent with most definitions of expectancy in that it involves beliefs about action-outcome associations but differs somewhat in focusing on performance improvement (e.g., If I spend 30 minutes on this task, I will improve my performance) rather than a specific performance level (e.g., If I spend 30 minutes on this task, I will achieve the set performance goal).
We anticipate differences between quantitative and qualitative tasks in patterns of this form of expectancy. Specifically, ROI may remain fairly stable as individuals progress on quantitative tasks, as the performance improvement associated with a given level of effort may not change substantially across time once the task is well learned. For instance, approximately the same amount of effort (investment) may be required to complete one schedule (performance improvement) at the beginning of the scheduling task and at the end of this task. Thus, the relationship between investment and performance improvement should be linear in the case of quantitative tasks. In contrast, ROI may decrease as individuals progress on qualitative tasks, as there may often be diminishing returns on effort when attempting to improve quality. Based on the notion of diminishing returns, tasks may become resource-insensitive and the performance improvement associated with a given level of effort will decrease over time (e.g., Beck & Schmidt, 2018; Kanfer & Ackerman, 1989) . For example, one hour of effort (investment) may substantially improve presentation quality (performance improvement) when beginning the presentation task but produce minimal improvements after the presentation has been substantially developed (i.e., later in the task). Thus, the relationship between investment and performance improvement is likely curvilinear in the case of qualitative tasks.
It is important to note that these propositions may appear on the surface to be inconsistent with prior multiple-tasks work involving quantitative tasks but further analysis indicates they are compatible. First, previous work has indicated expectancy may change across time in conditions involving quantitative tasks (e.g., Vancouver et al., 2010) . For instance, in their quantitative scheduling tasks, found evidence that expectancies change over time based on changes to goal progress and time remaining to complete tasks. Further, Vancouver et al. (2010) propose that expectancies are based on perceptions of the estimated time needed to achieve a goal and the actual time remaining to achieve a goal and therefore are subject to change within performance episodes due to the function of time. However, expectancy is conceptualised in a slightly different way: in previous work it was conceptualised as the perceived likelihood of reaching a goal or belief that a particular level of performance can be achieved, whereas here it is conceptualised as the link between effort and performance improvement. It seems quite plausible that individuals perception of the likelihood of achieving a particular goal may shift across trials, but at the same time their perception of the effortperformance improvement link may not change systematically. For instance, an individual may shift from believing he/she can complete a given number of schedules by the deadline to believing this is not possible as the deadline approaches (expectancy decreasing over time), while at the same time believing that the amount of effort required to complete one schedule is approximately the same at the beginning of the task and at the end of the task (ROI not changing systematically). Second, ROI might change over time for quantitative tasks through learning processes (see also Vancouver, Weinhardt, & Vigo, 2014) . However, the current proposition that ROI may remain fairly stable pertains to situations involving stable environmental conditions and relatively well-learned or simple tasks, where any learning processes and associated changes in ROI are likely to be limited.
ROI then likely has implications for resource allocation such that greater ROI is associated with greater allocation. That is, it seems rational to allocate ones resources to tasks with higher ROI because those are seen as paying higher returns in terms of performance improvement. Applied to a multipletask environment, this notion indicates that as ROI increases (decreases) for a given task, resources may be directed towards (away from) that task. In a situation involving two tasks, for example, low ROI for one task would mean little could be gained in terms of performance improvement from spending more time on that task and thus resources might instead be allocated to the other task. Note that these arguments relate to "momentary" ROI and resource allocation (in the current moment) rather than "overall" ROI and resource allocation (over an entire performance episode). In the case of "overall", it may be that the task with higher overall ROI has fewer total resources allocated to it (e.g., as measured by total time spent) because fewer total resources are needed for adequate performance. For example, if one task has higher ROI than another, less total time may be spent on the first task because only minimal effort was necessary for that task. In the case of "momentary", however, it 6 CONVERSE ET AL.
V C 2018 International Association of Applied Psychology. seems more reasonable to allocate ones current resources to the task with the higher ROI because that is the one seen as paying higher returns right now. For instance, if at this moment one task has higher ROI than another, then it seems to make sense to focus current resources on the first task because it will have the greater payoff. Ultimately, the total amount of resources devoted to this first task may be less but it seems sensible to focus on that task at moments when perceived ROI is higher.
In combination, these considerations suggest that particular patterns of resource allocation over time should be observed in multiple-task situations involving quantitative and qualitative tasks. This was examined in the current research with two conditions: one condition involved two quantitative tasks (Task A and Task B) and the other involved one quantitative task (Task A) and one qualitative task (Task B). The dependent variable was resource allocation (time spent) for Task B, which was quantitative for the first condition ("quantitative") and qualitative for the second condition ("qualitative"). Given the above discussion, we anticipated that resource allocation to Task B in the qualitative condition would decrease over time, as ROI for this qualitative task would also decrease. In contrast, we anticipated that resource allocation to Task B in the quantitative condition would not decrease over time, as ROI for this quantitative task would remain relatively stable.
Hypothesis: Resource allocation patterns over time differ between conditions such that allocation to Task B decreases over time for the qualitative condition but not the quantitative condition.
RESOURCE ALLOCATION PATTERNS
This research also examines the extent to which subgroups with distinct resource allocation trends may exist. Exploring the potential for distinct trends may be valuable because quite distinct patterns can exist even in the presence of broader trends (e.g., von Eye & Bergman, 2003) . In addressing this issue, this research takes a relatively exploratory or inductive approach. This approach appears both necessary given that the multiple-task research area is not extensively developed and the current focus on distinct trends appears to be novel and appropriate given arguments regarding the value of inductive research (Aguinis & Vandenberg, 2014; Locke, 2007) . Thus, as a first step, the approach taken is to empirically explore for distinct patterns, using these results to develop preliminary ideas that may stimulate further research.
Nonetheless, two theoretical perspectives played a key role in developing this aspect of the current work and may also provide guidance in interpreting results. First, Diefendorff and Chandler (2011) recently presented a conceptual framework that included a distinction between within-episode and between- episode phases in the pursuit of an action goal that involve distinct processes. Thus, the current research was structured such that there were both withinand between-episode phases in the form of multiple task trials (i.e., episodes) separated by breaks. This is relevant because individuals may differ in the extent to which they typically alter resource allocation within versus between episodes, resulting in different allocation patterns. For instance, some individuals may tend to switch tasks between episodes, as there is an opportunity to reflect on the tasks and switching does not require interrupting ongoing striving. In contrast, other individuals may tend to switch tasks within episodes, reflecting a tendency to react more immediately to their current striving experience.
Second, work in the area of foraging may also be relevant. This area of theory and research addresses animal feeding behaviour, where animals in a given environment must decide what prey items to consume and when to leave a particular patch of food (Stephens & Krebs, 1986 ; see also Hills, Jones, & Todd, 2012; Payne, Duggan, & Neth, 2007) . This theoretical perspective may be relevant to the issue of multiple distinct allocation trends because researchers have discussed multiple approaches to the decision regarding how long to stay in a patch. Specifically, Stephens and Krebs (1986) discussed the notion that animals might use rules of thumb in foraging and outlined four rules for patch-leaving decisions: (a) leave after catching a certain number of prey (number rule), (b) leave after a certain number of seconds (time rule), (c) leave after a certain number of seconds of unsuccessful search (giving-up time rule), and (d) leave when intake rate drops to a certain value (rate rule).
In the current multiple-task context, it seems plausible that participants could adopt any of these rules, resulting in different allocation trends. In the quantitative condition, for example, a participant might decide to switch tasks (a) after completing a certain number of items, (b) after a certain amount of time, (c) after being stuck on a given item for a certain amount of time, or (d) when the rate of item completion drops to a certain value. For instance, the last approach (rate rule) is consistent with the ROI approach discussed previously. That is, rate of completion and ROI correspond, where a low rate means low ROI and a high rate means high ROI. Therefore, given the previous arguments regarding ROI, many individuals may follow this approach. However, given these other approaches highlighted by foraging theory, other subgroups of individuals may use different strategies, resulting in other allocation trends. Furthermore, the patterns that emerge may also differ between the two conditions in this research due to differences in task characteristics.
Research Question: Are there multiple distinct patterns of resource allocation over time in multiple-task situations? Do these patterns differ for the quantitative condition versus the qualitative condition? 
STUDY 1
The Hypothesis and Research Question were examined in two studies. In Study 1, participants were assigned to one of the conditions (quantitative or qualitative) and completed 10 task trials.
Method
Participants. Participants were 79 undergraduate students who completed the study for partial course credit. Four participants were excluded from the analyses: two did not follow instructions and two completed one of the tasks before the experiment session ended (the tasks were designed to last longer than the session). The remaining sample was 56.0 per cent male, 54.7 per cent white, and mean age was 20.39 (SD 5 3.79).
Procedure and Materials. Participants were randomly assigned to one of two conditions. The quantitative condition involved two nearly identical sentence tasks (Task A and Task B) that required participants to make two revisions to individual sentences presented one at a time. Participants were told performance on these tasks was assessed as the number of sentences completed, where sentence revisions were required to be correct (e.g., spelling and punctuation must be correct) but sentence quality was not assessed. Therefore, both of these tasks are quantitative as they involve a series of distinct items where performance is evaluated based on the quantity completed. The qualitative condition involved one of these sentence tasks (Task A) and an essay task (Task B) that required participants to make improvements to an essay. Participants were told performance on the essay task was assessed as the quality of the essay (as rated by the experimenters). Therefore, the essay task is qualitative as it involves improving a product where performance is evaluated based on the quality of the product.
The sentences and essay were taken from Graduate Record Examinations (GRE; a graduate school admissions test) Analytical Writing sample responses. Some of the sentences and elements of the essay contained errors (e.g., spelling) that participants could correct but participants were told that the sentences and essays could also be revised in ways beyond these types of corrections. Specifically, the participants were instructed that they could revise the sentences or essay in terms of spelling, grammar, punctuation, clarity, and persuasiveness. Instructions for the essay task also indicated that these revisions could involve adding new sentences to the essay (this instruction did not apply to the sentence tasks). The quantitative nature of the sentence tasks was stressed by indicating that the tasks required making two changes to each sentence (completing a series of distinct items), performance was based on the number of sentences completed (performance evaluated based on quantity completed), and sentence quality would not be evaluated. The qualitative nature of the essay task was stressed by indicating that the task required making improvements to the essay (developing or improving a product), performance was based on the quality of the essay (performance evaluated based on quality of the product), and quality would be rated by the experimenters. Participants were also told that they could move freely between the two tasks during the study. The tasks were displayed such that only one task was visible at a time.
For all tasks, participants were told they would receive $5 for scoring in the top 20 per cent of all participants in the study in terms of their performance across the study session (i.e., all participants would be rank ordered for the given task and the top 20% would receive the reward). This meant that participants could earn up to $10 but they could not receive feedback on their relative performance or the reward until the entire study was complete (no timeframe was specified for this). It was again emphasised that sentence task performance was number of sentences completed and essay task performance was rated quality of the essay. All tasks were also structured and presented so that participants received no external indication of their current performance/progress. For instance, the sentence tasks displayed only one sentence at a time and did not indicate how many sentences had been completed. Thus, these tasks did not inherently provide feedback. These tasks are therefore similar in terms of goal ambiguity, current performance/progress ambiguity, and content (making revisions to text).
Participants completed the tasks on computers at individual workstations separated by cubicle walls. First, participants in both conditions completed 2 two-minute practice trials involving one version of the tasks. Second, they completed 10 two-minute focal trials involving a second, similar version of the tasks. The tasks were broken into trials so that there were both within-and between-episode phases. In addition, the practice trial tasks were different from the focal trial tasks so that all participants were starting the focal trials with brand new tasks (i.e., all participants had the same starting point for the focal trials). Note also that participants in the qualitative condition worked on the same essay throughout the 10 focal trials.
Finally, participants completed four self-report items. Two items related to task enjoyment, asking (a) whether they were motivated to work on Task A because they enjoyed it ("Task A motivated/enjoyed") and (b) whether they were motivated to work on Task B because they enjoyed it ("Task B motivated/ enjoyed"; both items were rated from 1 5 Strongly disagree to 5 5 Strongly agree). Two items related to attractiveness of the reward, asking (a) how much they wanted the reward ("wanted"; 1 5 Not at all to 5 5 To a great extent) and (b) how attractive the reward was ("attractive"; 1 5 Very unattractive to 5 5 Very attractive). The primary dependent variable in the analyses was time spent (in seconds) on Task B during the 10 focal trials. This was coded by a research assistant after the study was completed from screen capture videos of participants behaviour, where timestamped videos of participants computer screens were used to record when they switched tasks.
Results
Results indicated no significant differences between conditions for the task enjoyment items (independent samples t-tests; t(73) 5 20.64, SE 5 0.27, p 5 .52 for Task A motivated/enjoyed and t(73) 5 0.23, SE 5 0.26, p 5 .82 for Task B motivated/enjoyed; see Table 1 for means and standard deviations). Task enjoyment was also examined in terms of Task A versus Task B within conditions (i.e., Task A motivated/enjoyed vs Task B motivated/enjoyed), and no significant differences were found (paired samples t-tests; t(35) 5 0.00, SE 5 0.09, p 5 1.00 for the quantitative condition and t(38) 5 0.88, SE 5 0.26, p 5 .38 for the qualitative condition). Results also indicated no significant differences between conditions for the items related to attractiveness of the reward (independent samples t-tests; t(73) 5 20.65, SE 5 0.28, p 5 .52 for wanted and t(73) 5 20.36, SE 5 0.23, p 5 .72 for attractive). The findings did not change when examining a composite of the two attractiveness items (t(73) 5 20.55, SE 5 0.24, p 5 .58). This suggests that participants experiences related to task enjoyment and reward attractiveness were similar between conditions.
To examine the Hypothesis, hierarchical linear modelling (HLM) analyses were conducted. In the current design, measures are nested within individuals and thus each participant represents a "group." More specifically, the analyses involved (a) time spent on Task B as the outcome; (b) within-person-centred .04, conditional R 2 5 .11). Finally, trial cubed was added as a level-1 predictor and results indicated that the coefficient was not significant (c 5 0.11, SE 5 0.11, t 5 0.94, p 5 .35; marginal R 2 5 .01, conditional R 2 5 .11). Condition was again included as the level-2 predictor and results indicated that condition significantly related to the trial cubed-time relationship (i.e., the interaction was significant; c 5 20.69, SE 5 0.21, t 5 23.27, p < .01; marginal R 2 5 .06, conditional R 2 5 .13). As Figure 1 (Panel A) demonstrates, for the quantitative condition, time spent on Task B tended to increase and then decrease across trials initially and then there was a trend toward this task during the last several trials. For the qualitative condition, time spent on Task B tended to increase across trials initially and then there was a trend away from this task during the last several trials. These patterns can also be seen in mean time spent on Task B across trials (see Figure 1 , Panel B and Table 2 ). Thus, there is a trend of moving away from Task B in later trials for the qualitative condition but not for the quantitative condition which is consistent with the hypothesised pattern.
To examine the Research Question, a series of cluster analyses was conducted within each condition using time spent on Task B during trials 1 through 10 as the clustering variables. In general, cluster analysis combines individuals into groups such that the individuals within each group are similar and the groups are distinct (Sharma, 1996) . There are two general approaches to clustering: hierarchical, where each individual starts as a separate cluster and then individuals/clusters are combined step by step until everyone is in one cluster, and non-hierarchical, where the number of clusters and initial cluster centres are specified beforehand and clusters are formed based on these centres. For the current study, three cluster analyses were conducted involving three different techniques: (a) Wards method (hierarchical, where clusters are formed based on minimising total within-cluster sums of squares), (b) the average linkage technique with squared Euclidean distance (hierarchical, where clusters are formed based on distances calculated as the average distance between all pairs of individuals in the two clusters), and (c) K-means (non-hierarchical). This approach was used for three reasons. First, in general examining results from several techniques is recommended for cluster analysis (e.g., Blashfield, 1980; Everitt, Landau, Leese, & Stahl, 2011; Sharma, 1996) . Second, Wards method and the average linkage technique appear to be among the most effective hierarchical clustering approaches (e.g., see Hair & Black, 2000; Milligan & Cooper, 1987) . Finally, the non-hierarchical K-means approach can have some advantages (e.g., allowing for reassignment) and thus combining hierarchical and non-hierarchical approaches is also recommended (e.g., Hair & Black, 2000; Sharma, 1996) . First, Wards method was applied to each condition and the agglomeration coefficients along with conceptual and practical considerations regarding the interpretability and usefulness of potential cluster solutions were used to determine the number of clusters (see Everitt et al., 2011) . More specifically, we (a) determined that solutions with 10 or fewer clusters would likely be most interpretable and useful given the context and purpose of this analysis, (b) inspected agglomeration coefficients in this range for relatively large increases, and (c) evaluated several possible solutions in terms of interpretability and parsimony (see Hair & Black, 2000 , for recommendations consistent with this approach). For both the quantitative and qualitative condition, these factors suggested a fourcluster solution. These solutions were retained as the Wards method results.
Second, the average linkage technique was applied to each condition and the same factors were taken into account in determining the number of clusters. For the quantitative condition, these factors suggested a four-cluster solution; however, this solution also involved one potential "outlier" for this technique in that one of the clusters included only one person. This individual was deleted (only for the cluster analysis) and the average linkage technique was again applied to this condition. This analysis again suggested a four-cluster solution and thus this solution (with one individual deleted) was retained as the average linkage result. For the qualitative condition, the relevant factors suggested a fourcluster solution; this solution was also retained as the average linkage result. Next, the patterns observed for the Wards solutions and the average linkage solutions were examined for similarity (a) using the Rand index (Rand, 1971) and the Hubert and Arabie (1985) adjusted Rand index (Milligan & Cooper, 1986 ) and (b) by judging the extent to which the solutions would result in similar interpretations. For the quantitative condition, the indices indicated some similarity between solutions (Rand index 5 0.67) beyond that expected by chance (adjusted Rand index 5 0.34) but also some differences. However, the interpretation comparison suggested these solutions would lead to similar interpretations. For the qualitative condition, the indices indicated substantial similarity (Rand index 5 0.95, adjusted Rand index 5 0.87). The interpretation comparison also suggested these solutions would lead to very similar interpretations. Therefore, in the last step, K-means was applied within each condition, four-cluster solutions were requested, and the cluster means from the Wards solutions were used as the initial cluster centres (Hair & Black, 2000) . For the quantitative condition, only one individuals cluster assignment differed between the Wards solution and the K-means solution (Rand index 5 0.98, adjusted Rand index 5 0.95). For the qualitative condition, no cluster assignments differed (Rand index 5 1.0, adjusted Rand index 5 1.0). Thus, these Kmeans solutions were retained as the "final" clustering results.
Figures 2 and 3 show these solutions for the quantitative and qualitative conditions, respectively (note that because research assistants were responsible for timing experiment trials and coding participants time spent, there are cases where time spent scores are slightly higher than 120 seconds). In general, these results indicate that individuals demonstrated a variety of resource allocation trends across trials. This is consistent with the notion that a variety of patterns can exist along with general trends. There were at least three trends in the quantitative condition (closer inspection of Cluster 1 indicated this involved a largely uninterpretable collection of trends). Cluster 2 tended to involve individuals switching back and forth between tasks across trials with a few exceptions primarily in the last few trials ("across trial switch"). Cluster 3 tended to involve some variability in time spent initially but then a trend away from Task B across the experiment session ("across session away"). Cluster 4 tended to involve no time spent on Task B initially but then a trend toward this task across the experiment session ("across session toward"). In addition, there were at least four trends in the qualitative condition. Cluster 1 tended to involve some switching between tasks including occasionally spending a full trial on Task B but largely an avoidance of this task ("throughout session avoidance"). Cluster 2 tended to involve switching between tasks across trials ("across trial switch"). Cluster 3 tended to involve a curvilinear pattern where individuals spent little time on Task B initially, then moved toward that task, and then moved away from it ("across session curvilinear"). Finally, Cluster 4 tended to involve focusing on Task B initially but then moving away from it ("across session away"). In combination, this suggests that there were multiple distinct patterns of resource allocation over time and these patterns differed somewhat between conditions. It is important to note, however, that some of the clusters should be interpreted cautiously due to the number of participants involved. 
Discussion
Study 1 builds on previous research by addressing two issues. First, this study directly compared resource allocation when completing two quantitative tasks versus one quantitative task and one qualitative task. Based on the notion of ROI differences between these conditions, it was hypothesised that resource allocation would differ such that allocation to Task B would decrease over time for the qualitative condition but not the quantitative condition. Results were generally consistent with this expectation, although there were some additional aspects to the observed trends. In the quantitative condition, mean allocation to Task B varied somewhat across trials and there appeared to be a general increasing trend across trials initially and then again during the last few trials. Note that this variability across trials appears to be generally consistent with previous research indicating frequent switching during the beginning of the session (e.g., see Vancouver et al., 2010) . The explanation for this is that participants focus on the task with the larger discrepancy which changes over time as they work on the tasks. In the qualitative condition, mean allocation to Task B also demonstrated some variability and there was a general increasing trend initially but then a tendency to move away from this task during the last few trials was observed. Therefore, although some additional complexities were present, there was a general pattern of moving away from Task B during later trials for the qualitative condition but not the quantitative condition (as indicated in the Hypothesis).
Second, this study explored for distinct allocation patterns that might exist in addition to these broad trends. Results suggested there were in fact multiple distinct trends and these patterns differed to some degree between conditions. In the quantitative condition, there was evidence of switching across trials, moving away from Task B, and moving toward Task B. In the qualitative condition, there was evidence of largely avoiding Task B, switching across trials, moving toward and then away from Task B, and moving away from Task B. It is important to note that these specific patterns are broadly consistent with the hypothesised trend in that these patterns involve more movement away from Task B over time for the qualitative condition (varying in when and how this occurs) than for the quantitative condition. Therefore, these results and the broader trends are complementary insofar as these cluster results provide a more detailed view of the patterns underlying the broader trends.
STUDY 2
Although these findings add to this research area, several aspects of Study 1 suggest a conceptual replication may be useful. For instance, as with most studies, Study 1 involved a particular set of conditions (e.g., two-minute trials) that might have affected the results. Therefore, altering some of these conditions to further examine these issues may be useful. In addition, the search for distinct patterns was largely exploratory and thus comparing these results across multiple studies may be particularly important. Consistent with this, Blashfield (1980) noted that to validate cluster analysis results, researchers can examine solutions across different clustering methods and parallel data sets. Study 1 involved the first approach, as results from different cluster analysis methods were examined. Conducting an additional study is generally consistent with the second approach, as cluster analysis results are obtained from a separate data set. In light of this, these issues were addressed in a second study.
Method
Participants. Participants were 118 undergraduate students who completed the study for partial course credit (post-task measures of enjoyment, reward attractiveness, and demographics were not available for four participants due to computer problems). The sample was 66.1 per cent male, 55.1 per cent white, and mean age was 20.35 (SD 5 4.09).
Procedure and Materials. The procedure and materials were very similar to those in Study 1. The conditions, tasks, instructions, rewards, and measures were nearly identical (there were some minor differences such as the wording of instructions). There were two major differences. First, two additional items related to task difficulty and enjoyment were included after the practice trials and after the first focal trial, asking (a) how difficult Task B was ("practice Task B difficult" and "first trial Task B difficult"; 1 5 Very easy to 5 5 Very difficult) and (b) how enjoyable Task B was ("practice Task B enjoyable" and "first trial Task B enjoyable"; 1 5 Very unenjoyable to 5 5 Very enjoyable). These items were included to confirm that participants initial perceptions of task difficulty and enjoyment were similar between conditions (these measures were available for 73 participants because the items were inadvertently excluded for the remaining participants). Second, participants completed 5 five-minute trials of the tasks.
Results
Results indicated no significant differences between conditions for the difficulty and enjoyment items after the practice trials (independent samples t-tests; t(71) 5 1.35, SE 5 0.15, p 5 .18 for practice Task B difficult and t(71) 5 21.01, SE 5 0.17, p 5 .31 for practice Task B enjoyable) or after the first focal trial (independent samples t-tests; t(52) 5 20.29, SE 5 0.23, p 5 .77 for first trial Task B difficult and t(52) 5 21.17, SE 5 0.25, p 5 .25 for first trial Task B enjoyable; 19 individuals indicated they did not work on this task during the first trial and thus were not included in this analysis; see Table 1 for means and standard deviations). This suggests similar perceptions of task difficulty and enjoyment between conditions. Participants also completed the same two posttask items related to task enjoyment as in Study 1 ("Task A motivated/ enjoyed" and "Task B motivated/enjoyed"; scores were not available for four participants due to technical problems). Results indicated no significant differences between conditions for these items (independent samples t-tests; t(112) 5 21.26, SE 5 0.20, p 5 .21 for Task A motivated/enjoyed and t(112) 5 20.89, SE 5 0.22, p 5 .38 for Task B motivated/enjoyed). Task enjoyment was also examined in terms of Task A versus Task B within conditions (i.e., Task A motivated/enjoyed vs Task B motivated/enjoyed), and no significant differences were found (paired samples t-tests; t(52) 5 1.18, SE 5 0.13, p 5 .24 for the quantitative condition and t(60) 5 1.54, SE 5 0.14, p 5 .13 for the qualitative condition). Participants also completed the same two items related to reward attractiveness ("wanted" and "attractive"; scores were not available for four participants due to technical problems). Results indicated no significant differences between conditions for these items (independent samples t-tests; t(112) 5 21.45, SE 5 0.23, p 5 .15 for wanted and t(112) 5 21.34, SE 5 0.16, p 5 .18 for attractive). The findings did not change when examining a composite of the two attractiveness items (t(112) 5 21.58, SE 5 0.17, p 5 .12). This again suggests similar experiences in terms of task enjoyment and reward attractiveness.
To examine the Hypothesis, HLM analyses were conducted. First, trial (within-person-centred) was entered as the level-1 predictor (of time spent) and results indicated that the coefficient was significant (c 5 27.65, SE 5 3.78, t 5 22.03, p < .05; marginal R 2 5 .01, conditional R 2 5 .20). Condition was then entered as the level-2 predictor (of level-1 intercepts and slopes) and results indicated that condition significantly related to the trial-time relationship (i.e., the interaction was significant; c 5 240.95, SE 5 6.57, t 5 26.23, p < .01; marginal R 2 5 .08, conditional R 2 5 .27). Second, trial squared was added as a level-1 predictor and results indicated that the coefficient was not significant (c 5 21.21, SE 5 2.56, t 5 20.47, p 5 .64; marginal R 2 5 .01, conditional R 2 5 .20). Condition was again included as the level-2 predictor and results indicated that condition did not significantly relate to the trial squaredtime relationship (i.e., the interaction was not significant; c 5 1.84, SE 5 5.07, t 5 0.36, p 5 .72; marginal R 2 5 .08, conditional R 2 5 .27). Finally, trial cubed was added as a level-1 predictor and results indicated that the coefficient was not significant (c 5 0.95, SE 5 1.92, t 5 0.49, p 5 .62; marginal R 2 5 .01, conditional R 2 5 .20). Condition was again included as the level-2 predictor and results indicated that condition did not significantly relate to the trial cubedtime relationship (i.e., the interaction was not significant; c 5 0.57, SE 5 3.78, t 5 0.15, p 5 .88; marginal R 2 5 .08, conditional R 2 5 .27). As Figure 4 (Panel A) demonstrates, for the quantitative condition, time spent on Task B tended to increase somewhat across trials. In contrast, for the qualitative condition, time spent on Task B tended to decrease across trials. These patterns can also be seen in mean time spent on Task B across trials (see Figure 4 , Panel B and Table 3 ). This is consistent with the hypothesised pattern and Study 1 results in that there is a trend of moving away from Task B for the qualitative condition but not for the quantitative condition. To examine the Research Question, the cluster analysis approach used in Study 1 was applied again using time spent on Task B during trials 1 through 5 as the clustering variables. First, Wards method was applied to each condition and the same statistical, conceptual, and practical considerations were used to determine the number of clusters. For both the quantitative and qualitative condition, these factors suggested a five-cluster solution. These solutions were retained as the Wards method results.
Second, the average linkage technique was applied to each condition and the same factors were taken into account in determining the number of clusters. For the quantitative condition, these factors suggested a five-cluster solution; however, this solution also involved one potential "outlier" for this technique in that one of the clusters included only one person. This individual was deleted (only for the cluster analysis) and the average linkage technique was again applied to this condition. This analysis suggested a four-cluster solution and thus this solution was retained as the average linkage result. For the qualitative condition, the relevant factors suggested a six-cluster solution; however, this solution also involved two potential "outliers" for this technique in that there were two single-person clusters. These individuals were deleted (only for the cluster analysis) and the average linkage technique was again applied to this condition. This analysis suggested a four-cluster solution and thus this solution was retained as the average linkage result.
The patterns observed for the Wards solutions and the average linkage solutions were then compared using the same Rand index and interpretation approach as in Study 1. For the quantitative condition, the indices indicated reasonable similarity between solutions (Rand index 5 0.81) beyond that expected by chance (adjusted Rand index 5 0.53). The interpretation comparison also suggested these solutions would lead to similar interpretations. For the qualitative condition, the indices again indicated reasonable similarity (Rand index 5 0.78, adjusted Rand index 5 0.43). The interpretation comparison also suggested these solutions would lead to similar interpretations. Therefore, in the last step, K-means was applied within each condition, five-cluster solutions were requested, and the cluster means from the Wards solutions were used as the initial cluster centres. For the quantitative condition, one individuals cluster assignment differed between the Wards solution and the Kmeans solution (Rand index 5 0.98, adjusted Rand index 5 0.95). For the qualitative condition, two cluster assignments differed (Rand index 5 0.97, adjusted Rand index 5 0.91). Thus, these K-means solutions were retained as the "final" clustering results.
Figures 5 and 6 show these solutions for the quantitative and qualitative conditions, respectively. These figures again demonstrate a variety of allocation trends across trials. There were at least five trends in the quantitative condition. Cluster 1 involved some variability in specific patterns but there was a general trend toward Task B across the experiment session ("across session toward"). Cluster 2 also involved some variability in specific patterns but tended to involve switching between tasks within trials ("within trial switch"). Cluster 3 tended to involve a general avoidance of Task B ("throughout session avoidance"). Cluster 4 generally involved switching between tasks across trials ("across trial switch"). Finally, Cluster 5 involved a tendency to spend most of the time on Task B with only a few exceptions during the first and last trial ("throughout session engagement"). There were also at least four trends in the qualitative condition (closer inspection of Cluster 3 indicated it involved a combination of trends that was difficult to interpret). Cluster 1 involved some variability in specific patterns but also a general trend away from Task B across the experiment session ("across session away"). Cluster 2 involved a different pattern of moving away from Task B in which participants tended to spend much of their time on this task for the first several trials and then moved away from it in the last trial ("across session away"). Cluster 4 involved some variability in specific patterns but there was a general trend of switching between tasks across trials ("across trial switch"). Finally, Cluster 5 involved a general avoidance of Task B with only a few exceptions ("throughout session avoidance"). Consistent with Study 1, these results suggest that there were multiple distinct patterns of resource allocation over time and these patterns differed somewhat between conditions. Again, however, some clusters should be interpreted cautiously given the number of participants included.
Discussion
Study 2 further explored the issues of quantitative versus qualitative tasks and distinct allocation trends. For the first issue, results indicated there was a trend of moving toward Task B in the quantitative condition and away from Task B in the qualitative condition. This is generally consistent with Study 1, although some additional specific elements in the Study 1 patterns (e.g., the curvilinear elements) were not evident in Study 2. These differences appear to be sensible, however, as they likely stem from the fact that there were twice as many trials in Study 1 and thus somewhat more complex patterns could emerge. These findings are also consistent with the Hypothesis in that there was movement away from Task B in the qualitative condition but not the quantitative condition. Note also that in both studies time spent on Task B in the quantitative condition varied somewhat and tended to increase across trials. This likely reflects a general strategy of working on both tasks with a common approach being to start with Task A and then move to Task B.
For the second issue, results indicated there were several distinct trends with some differences between conditions. This is broadly consistent with Study 1, although there are both similarities and differences in the specific patterns observed. For example, in the quantitative condition, both studies revealed a back and forth pattern (across trial switch) and movement toward Task B (across session toward). However, Study 1 also demonstrated movement away from Task B (across session away), and Study 2 also demonstrated general avoidance (throughout session avoidance), general engagement (throughout session engagement), and switching within trials (within trial switch). Similarly, in the qualitative condition, both studies demonstrated general avoidance (throughout session avoidance), switching across trials (across trial switch), and movement away (across session away). Study 1 also demonstrated a curvilinear pattern (across session curvilinear). In combination, these findings reveal a variety of distinct trends and highlight the potential for differing contexts to produce somewhat different patterns. For instance, the within trial switch pattern may have been evident only in Study 2 because there was greater opportunity for this type of switching in this study (given five-minute vs twominute trials) and the curvilinear pattern may have been observed only in Study 1 because of the greater number of trials in that study.
GENERAL DISCUSSION
Given the prevalence of multiple-task self-regulation, research on resource allocation in multiple-task contexts may have implications for a range of achievement-related settings. This research represents an initial investigation of two neglected but potentially important issues: task type and allocation trends over time. Two exploratory studies examined these issues, providing preliminary evidence that might stimulate more research in these areas.
Findings
Prior multiple task research has largely focused on quantitative tasks that involve quantity as the outcome, neglecting qualitative tasks that involve quality as the outcome. This is a noteworthy gap because qualitative tasks are common and important in many achievement settings and may differ from quantitative tasks in important ways. In particular, qualitative tasks may typically involve more ambiguity in terms of the goal, more ambiguity in terms of current performance/progress, and a different pattern of ROI over time. Based on the notion of ROI differences between these task types, we hypothesised allocation patterns would differ between a condition involving two quantitative tasks and a condition involving one quantitative and one qualitative task. Results were generally supportive of this prediction, as there was a trend of moving away from Task B in the latter condition but not in the former. These findings suggest allocation patterns may differ based on the nature of the tasks (quantitative vs qualitative), demonstrating the relevance of this basic factor and highlighting the need for additional studies on this issue.
Previous research in this area also does not appear to have explored for multiple distinct allocation trends. Examining this issue is also useful as it may provide new insights regarding the presence and nature of distinct patterns in addition to broad trends. Findings revealed the presence of several distinct and sensible patterns that (a) were largely consistent with the overall trends observed in the quantitative versus qualitative condition but (b) differed in when and how resource allocation shifted over time. This suggests there may be value in exploring for distinct tendencies in addition to broad trends.
Contributions and Extensions
These studies may contribute to both research and practice and point to a variety of related issues that should be addressed in further research. For example, this research highlights the distinction between quantitative and qualitative tasks, demonstrates results suggesting this may be an important difference in this context, and proposes ROI as a potentially key underlying factor. This adds to prior research in this area but additional work directly measuring ROI and further exploring the dynamics of allocation to these two task types may be useful, ultimately leading to the incorporation of these issues in models of multiple-task self-regulation.
In addition, a focus on multiple distinct trends over time represents a new perspective in this research area. The current findings demonstrate how variable these specific patterns can be even in the presence of broader trends and provide an initial view of the nature of these patterns at least in one context. More work is needed to understand these patterns in greater detail but the theoretical perspectives discussed previously provide some basis for speculation. For instance, consistent with the distinction between within-episode and between-episode processes (Diefendorff & Chandler, 2011) , there was some evidence of a trend involving switching between trials and another involving switching within trials. Additional research may be useful in identifying the characteristics of individuals falling into those two groups and the mechanisms involved in these different patterns. It may be, for example, that those who switch between trials are more strategic in the sense that they plan to follow the structure of the task and shift when there are no task switching costs (e.g., see Kiesel, Steinhauser, Wendt, Falkenstein, Jost, Philipp, & Koch, 2010; Monsell, 2003) , whereas those who switch within trials may be more sensitive to their current experience and shift based on that. Similarly, foraging theory (see Stephens & Krebs, 1986 ) may provide insights, as some of the patterns observed might be consistent with rules of thumb outlined for patch-leaving decisions. For instance, some individuals who switch between trials or move toward or away from Task B across the session may be following a type of time rule, using the external cues associated with the start and stop of trials to shift based on elapsed time. In contrast, some of those who switch within trials may be following a type of giving-up time rule, using their internal experience of task difficulty to make switch decisions. In general, we hope that introducing this approach of exploring for multiple distinct trends and providing these speculative ideas regarding these patterns will stimulate further research on this issue, ultimately providing a more detailed picture of allocation tendencies. Ideally, future research may reach a point where these patterns can be predicted (e.g., with individual differences) and linked to outcomes (e.g., performance).
Other extensions of the current work might focus on further integrating this research with previous findings and investigating other types of qualitative tasks. Although the present studies included quantitative tasks, our research focus required certain task characteristics (e.g., in terms of goal and performance/progress ambiguity) that differed from those in previous multiple-task research (e.g., Schmidt & DeShon, 2007) . Therefore, most of the present results related to the quantitative tasks may not be directly comparable to these previous findings. Additional research may be helpful in elaborating on how the current concepts and findings fit with this previous research. In addition, the current work focused on qualitative tasks that appear to involve decreasing ROI over time. However, other types of qualitative tasks may exist that are associated with very different ROI patterns. For example, novel tasks that allow for learning may involve increasing ROI over time as individuals become more proficient. Other tasks might involve insights that occur unpredictably, producing other patterns of ROI. Future studies might build on the current work by conceptualising and examining these task types in more detail.
Finally, understanding the differences in resource allocation decisions between quantitative and qualitative tasks may have practical implications for the workplace. Specifically, when presented with qualitative and quantitative competing tasks, qualitative tasks have the potential to suffer as resources are directed to the quantitative tasks over time. This may not have substantial negative consequences if the qualitative task is completed to a high enough standard; however, that may not always be the case. For example, if employees perceive little ROI in proofreading a report and put aside that task for another task with greater perceived ROI, a company could lose credibility with a customer due to grammatical errors in the report. Therefore, it is possible that decreasing resource allocation based on low perceived ROI could have detrimental effects. Ultimately, managers may benefit from emphasising the importance of efforts that may not be perceived by employees as having high ROI or from implementing quality assurance processes for qualitative tasks, such as technical and editorial reviews.
Limitations and Future Research
In addition to examining these issues, future studies might also address some limitations in the current research. For example, as with many studies, there are questions regarding the extent to which these findings generalise to other contexts. Having experimental control for the initial investigation of the focal issues seemed appropriate, but building on this by exploring these across different tasks, settings, and participants may be useful. For instance, some results might be different in a sample of working individuals (vs undergraduate students). We speculate that some of the basic effects may be similar, but with greater experience in managing multiple tasks in the workplace, working individuals could approach this situation in a different way (e.g., in terms of how ROI is perceived), resulting in somewhat different patterns. In addition, more research is needed on the specific mechanisms involved in the patterns observed in this research. The current work provides several ideas for mechanisms that might be worth examining. Related to this, this work emphasised ROI as an explanatory factor, but it is difficult to definitively rule out all alternative explanations. For instance, although self-reports related to motivation, enjoyment, and difficulty were not significantly different between conditions, it is still possible that factors along these lines played a role, as the lack of differences could be due to measurement issues or low power. Additional research involving different tasks may be useful in examining this issue. Furthermore, this work included the more specific notion that higher ROI is associated with resource allocation but this link may be fairly complex. ROI effects may depend on several factors (e.g., whether one is pursuing a concrete/finite goal or a more ambiguous goal, whether ROI reaches zero) and therefore future studies might examine this further. Another issue is that some of the clusters observed in the current studies contained a small number of individuals. Future studies are necessary to determine whether these represent meaningful patterns. Additionally, the present research was somewhat limited in scope in terms of examining differences between quantitative and qualitative tasks. Future work investigating other differences between these task types may provide additional insights. For example, some differences between these tasks may result in main effects for allocation (e.g., goal specificity, where more resources are allocated to quantitative tasks with more specific goals), whereas other differences may result in different patterns of allocation over time (e.g., ROI, where allocation differences shift over time). Finally, this research did not examine the patterns that would emerge given two qualitative competing tasks. Although it is plausible that individuals may work on one task until perceived ROI reaches a point of minimal returns and then switch to the other task (similar to the pattern found in their non-volatile condition, where task switching was based on goal completion), future research examining two qualitative competing tasks may provide additional insight into resource allocation patterns.
Conclusion
The present research extends previous work on multiple-task self-regulation by examining the distinction between quantitative and qualitative tasks and exploring for multiple distinct resource allocation trends. Results from two studies indicated that allocation patterns differ between quantitative and qualitative tasks and several distinct trends underlie these broader patterns. These findings provide additional insights regarding resource allocation in multipletask contexts and may serve as a stimulus for additional research on this common and important issue.
